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SYNOPSIS 
The purpose of this project was to provide 
information on the relative merits of the various methods 
of connecting tensile reinforcing bars in reinforced con-
crete construction . 
This project consisted of two parts . In Part I 
a series of 122 different bar samples were prepared and 
tested to failure . The deformed bar sizes considered 
were Nos . 9, 10, 11, and 14S for material having a nominal 
yield strength of 40,000 psi ( ASTM-Al5 and ASTM-A408) and 
a nominal yield strength of 60,000 psi (ASTM-A432) . A 
total of eight different splicing systems were studied 
• 
plus a series of control bars (continuous bars without any 
splices ) . Stress-strain diagrams are included for all 
samples that yielded sufficient data . On the basis of 
this study, the most promising types of splicing devices 
were selected for flexural tests which constituted Part II 
of this project . 
In Part II, a total of eight reinforced concrete 
beams were formed, having a single No . 11 size, (ASTM-Al5) 
deformed reinforcement bar in the bottom of each member. 
vi 
Each beam was twelve feet in length and had a cross­
section of 8" wide by 12 '' deep. A total of four differ­
ent splicing devices were studied in this series plus 
one beam which contained a similar, continuous reinforc­
ing bar (without a splice ) for control purposes . 
The results of Part I and Part II of this project 





SPLICED REINFORCING BARS 
1 
CHAPTER I. INTRODUCTION 
Ob ject of this research 
The need for reliable, practical and economical 
methods of splicing tensile reinforping bars has long been 
known . In the field of precast concrete, such a connection 
or splice would lead to continuity for precast members re­
sulting in increased strength, rigidity, and economy . In 
many long span, flexural and eccentrically-loaded com­
pression members it is frequently necessary to splice ten­
sile reinforcing bars . 
In the past this problem has been taken care of 
by lapping or butt-welding individual bars . Both of these 
approaches can adequately transfer the axial stress, but 
each has inherent undesirable characteristics. In the 
case of lapping the bars, it usually initiates diagonal 
tensile cracks or failure at the point of cutoff of the 
stressed bars unless extra stirrups or ties are supplied 
in this region . The butt-welding of the ends of rein­
forcing bars is generally considered to be too expensive 
to be a practical solution . Because of these undesirable 
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features, other suitable means of tensile splicing would 
have wide acceptance provided proper design criteria could 
be developed through research. 
Because of this design need, several mechanical con� 
nectors have appeared on the market. However, due to the 
absence of proper research and testing, only limited 
acceptance has been gained. This is evidenced by the fact 
that most codes do not recognize such splices. In the 
1961 American Association of State Highway Officials 
( AASHO) Specifications ( Sec. l.7.5(c)) the following state­
ments appear: nTensile reinforcement shall not be spliced 
at points of maximum stress. When the reinforcement is 
spliced, the spliced bars shall lap sufficiently to develop 
the full strength in bond. TT A further statement appears in 
Section 2.5.6: TTSplicing of bars, except where shown on 
the plans, will not be permitted without the written 
approval of the engineer. Splices shall be staggered as 
far as possible. Unless otherwise shown on the plans, bars 
in the bottom of beams and girders, and in walls, columns 
and haunches shall be lapped 20 diameters and bars near the 
top of beams and girders having more than 12 inches of con� 
crete under the bars shall be lapped 35 diameters, to make 
the splice. n The 1963 Code of the American Concrete Insti= 
tute (ACI ) does not recommend the splicing of tensile bars 
3 
at po�nts of maximum stress, but such a splice when used is 
required to develop the full computed stress in the bar based 
on not more than 3/4 of the permissible bond value. In 
addition a minimum lap is specified for each of several 
grades of steel bars. To meet the 1963 ACI code, a welded 
butt splice or other approved positive connection must de-
velop in tension at l east 125% of the specified yield 
strength of the bar . 
If mechanical splices are to have general acceptance, 
comparative data must be obtained on the relative merits of 
mechanical splices as compared to lap or butt welded splices. 
The collection of this data and the critical evaluation of 
some of these types of connections were the objectives of 
this research .  
Present status of research 
In 1959 Eriksson (5)* studied the sleeve splice . 
Eriksson's testing program of 200 samples included only 
static tests, but treated extensively the variables of 
sleeve configuration, curing time, grout strength, grout 
type, and grout thickness . Both tension and compression 
tests were performed . These tests showed the splices to have 
excellent reliability under compression loading and to react 
*Numbers refer to reference shown in the list of 
11Selected Referencesn at the end of Part I. 
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in a satisfactory manner to tension loadings . Eriksson's 
tests indicated that the splice was quite insensitive to 
the variables of mortar thickness, grout type and strength, 
and curing durations above seven days, but highly sensi­
tive to the splice sleeve length in the range of two to ten 
bar diameters . Pending a long-term study on the effect of 
shrinkage on the nplaintt grout splice , Eriksson recom­
mended the use of nonshrinking mortar grout . 
Other references studied in the literature were 
those dealing with lapped splices and with bond stresses . 
Although lapped splices have long been an accepted con­
struction practice, the literature in this area was found 
to be rather limited . The problems of bar spacing, type of 
bar deformations and lap length were investigated by 
Chamberlin (2) , Walker (9), and Chinn, Ferguson and 
Thompson ( 3). 
Kluge and Tuma (7) conducted tests on lapped 
splices in beams . The largest bar tested was a #8 . Cal­
culations based on this data indicated that the relative 
movement of points at the ends of the lapped splice was 
0 . 008 inches at 18,000 psi and 0.020 inches at 40,000 psi . 
There is very extensive literature on the subject of bond 
stresses and tension pull-out specimens . One of the 
5 
earliest in this area is by Abrams (1) . Abrams developed 
sound ideas on the nature of bond resistance and conducted 
extensive tests on pull-out and beam specimens. He illus­
trated the progressive nature of bond stress development 
and described in detail the effect of bar deformations on 
maximum bond stresses. 
Since the paper by Abrams a number of investigators 
have conducted tests on the bond resistance of various types 
and sizes of reinforcing bars. Some of th e most significant 
of these papers are those by Watstein (10), Clark (4), 
Mylrea (8), and Ferguson, Turpin, and Thompson ( 6). 
Scope of this investigation 
Par t I was divided into two main groups: one of 
40 ksi nominal yield strength bars (ASTM-Al5 and ASTM-A408) 
and one of 60 ksi (ASTM-A43 2) nominal yield strength deform­
ed bars. All bars used during project were from the same 
mill, and thus had the same deformation pattern. A series 
of control bars (continuous bars) and a series of each type 
connection were tested using 1/:9, 1/: 10, 1/:11 and 1/:148 bars in 
each group . The control bars were of the same heat number 
as the spliced bars of the same size and yield strength. 
Thus any variation in performance between the control bar 
and each type of the connection could reasonably be 
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attributed to the connection alone . Two control samples of 
each particular size and yield strength were tested. The 
results of these two tests were also compared to the mill 
test reports which were supplied by the fabricator. 
Two samples of each bar size and ste el grade of the 
butt welded bars were tested . These results then were com� 
pared to the other splicing devices . .  
After some s tudy it was decided to limit the new 
type connections to three basic types and to designate them 
by their general characteristics; namely, exothermic #1, 
exothermic #2 and sle eve-with-metal-filler. Three identi­
cal samples of each bar size and steel grade were included. 
Sleeves filled with epoxy and sleeves£illed with 
expanded grout were also included in this investigation . 
Since it was felt that these connections would have to 
compare favorably to the sle eve-with-metal-fill er conn­
ection to have significant practical value, they utilized 
the same sleeve that was used in the sleeve-with=metal­
filler connection of the same bar size and steel grade. 
All bars were deformed #9 bars of 40 ksi nominal yield 
point (ASTM-Al5 ). Five sle eve samples composed of ex­
panded grout and at least three samples of each of three 
epoxy formulations were tested . 
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The supp l i er s  o f  the spl ices and ma terial us ed i n  thi s 
project were a s  fol l ows : 
SLEEVE-WITH -METAL-FILLER 
ncadwel dTT Sp l ice by 
Erico Products , Inc . 
2070 E 6 l s t  P lace 
Cl eveland 3, Ohio . 
EXOTHERMIC 4/:1 
n Exowel d11 Spl ice by 
Exome t , I nc .  
Conneaut , Ohi o  
EXOTHERMIC 4/:2 
nThermit TT Spl ice by 
Thermex Metallurgical ,  Inc . 
Lakehur st , N. J. 
EPOXY 4/:1 
HColma-Dur Gel TT B ondi ng 
C ompound by 
S ika Chemical Corp . 
Pa s sa i c , N. J. 
EPOXY 4/:2 
General Purpo s e  Adhe s ive , 
Formul a t i on 991=67 
See body of report page 16 
EPOXY 4/:3 
Thermo s e t  110 Epoxy Ad­
he s ive by 
Thermo s e t  Pla s ti c s , I nc . 
5101 Ea s t  6 5 th Street 
Indianapoli s  20, I ndiana 
EXPANDED GROUT pr epared with 
Embeco No . 5 by 
No t e : 
The Ma s t er Bui lder s Co . 
C l eveland , Ohi o . 
It s hould b e  und er s tood tha t the information contained in 
thi s r eport is the r e sul t  of l aboratory t e s t s  supervi s ed by 
the author and doe s  no t in any way con s t i tute an endor s ement 
or approva l o f  any trade name product nor a s ancti on aga i n s t  
any trade name product by ei ther the spons orso f the pro j ect, 
the Univer s i ty o f  Oklahoma Res earch Ins t i tute , or the author . 
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General 
CHAPTER I I . FABRICATION 
AND TEST I NG OF TENSILE SPLI C ES 
The fabrication o f  the connec tion s  require d  a de ­
vice to hol d  the two bar s i n  rigid a l ignment during the 
spl icing operation and a jig was con s tructed to fi l l  this 
need (see Figure 2). Thi s j ig may be u s ed to make ei ther 
ver tical or horizontal connections depending upon i t s  
po sition. The s l eeve -wi th-metal- f i l l er connections were 
made wi th the axi s o f  the reinforcing bar in a ver tical 
po s i tion with the jig s e t on i t s  end , but a l l  other con­
nec t i ons were made wi th axi s of the reinforcing bar hori­
z ontal . In the ca s e  o f  the sleeve-wi th-metal- fi l ler 
spl ic e s  either hor i z ontal or vertical can be made . 
Al though thi s i nves t i ga t i on did no t verify i t ,  the suppl i er 
o f  thi s  spl ice s ta t e s  tha t the spl i c i ng po s i t i on does no t 
effec t  the s tructural properties o f  the spl i ce .  
The j i g  wa s rela tively l ight and por table whi ch wa s 
convenient because the exo thermic type connec tion s  had to 
be made.out o f  door s . They spewed bits o f  mol ten metal 
and produced a great deal of smoke from the mol d  during the 
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react i on which could be a defini te d i sadvantage on the 
cons truction site . In contra s t , the sleeve-wi th-metal­
fi ller type connection generated a relatively smal l amount 
o f  heat , negli g ible smoke and the fire hazard from the 
spewing b i t s of reactant material wa s comparatively m inimal. 
C o nt ro l Bar s  
Two control bars wer e  tes ted o f  each s i z e  and yi eld 
p oint s teel u s ed in thi s i nve s ti ga t i on (see Tabl e 1). The 
control bars cons i s ted o f  24TT l engths cut from s t o ck o f  
the same hea t u s ed t o  make the o th er c onne c t i ons and were 
t e s t ed exa c tly the s ame way . 
Connections 
1. ButtWeld 
Two butt wel ded connection s  wer e prepared and 
t e s t ed for each bar s ize and s teel grade . I n  order­
i ng the samp l e s  in thi s s erie s of connec tion s , each 
welded jo int wa s specified to have suffi cie nt 
s tr engt h  so a s  to deve lop the ful l  tens i l e  s trength 
of the bar per the Amer ican Welding S o c i ety specifi ­
ca tion Dl2 . 1, TTRecommended Pra c ti ce s  for Welding 
Reinforcing S teel , Metal I n s er t s , and C onnections in 
Reinforced Concrete Cons truc ti on. n During the 
9 
NOMINAL YIELD STRENGTH {psi) 40,000 60,000 TOTAL 
A S T M  DESIGNATI ON A-15 A-15 A-15 A-408 A-432 A-432 A-432 A-432 S AMPLES 
B AR SIZE 
... 9 "'10 411 #14S #9 #"10 #II '*i4S TESTED 
CONTROL BARS 2 2 2 2 2 2 2 2 16 
BUTT WELDED 2 2 2 2 2 2 2 2 16 
SLEEVE WITH METAL FILLER 3 3 3 3 3 3 3 3 24 
EXOTHERMIC '""I 3 3 3 3 3 3 3 3 24 
EXOTHERMIC #2 3 3 3 3 3 3 3 3 24 
EPOXY 11-I 5 5 
EPOXY "'2 5 5 
EPOXY "'3 3 3 
EXPANDED GROUT 5 5 
TOTAL NUMBER OF S AMPLES TESTED 122 
TABLE I. TYPES ANO NUMBER OF SAMPLES TESTED IN PART I 
testing program, a value of 125% of the nominal yield 
strength of the bar was also considered as per 1963 
ACI Code Section 805(d) . 
2. Exothermic #1 
The exothermic #1 consisted essentially of a 
sand mold fi l led with reactant powder which, when ig= 
nited, reacted rather violently and changed to a 
molten state which flowed by gravity around and be� 
�ween the ends of the bars. In making the connections, 
the procedure recommended by the manufacturer was 
followed. A sealing paste was appli ed to the contact 
faces of the mold halves to prevent leakage. The 
bars were aligned with a 3/8 inch gap between their 
ends by a spacer and the mold positioned so that the 
metal flow channel was directly over this gap. The 
ends of the mold around the reinforcing rod were 
luted with sealing sand and two metal disks were 
placed in the space provided at the bottom of the 
mold. The reactant powder was then poured into the 
mold and ignited. The reaction reached an extremely 
high temperature (4600°F) which melted the metal 
disks thus allowing the molten metal to flow between 
and around the bars so as to weld them together. 
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After a few minutes the mold, which is itself 
destroyed, can be removed but a longer waiting period 
is recommended to permit the refractory portion of 
the mold to stress-relieve the weld area. Removal of 
flash and excess metal is not required but may be 
accomplished if space limitations demand it. 
3. Exothermic #2 
The exothermic #2 connection very closely r esembles 
the exothermic #1 connection. Both used luted sand 
molds with a reactant powder, both required a 3/811 
gap between bars, and both literally welded the bars 
together. There were some minor differences, however, 
mainly in the physical procedure of making the con­
nection. The exothermic #2 used no sealing paste on 
the contact surfaces of each half mold. A tight seal 
was obtained by clamping the half molds together with 
2n C-clamps. Also, the molds fit rather loosely 
around the bars and small wooden wedges were placed 
at each end of the mold between the bar and the mold. 
This tended to stabilize the mold in the correct 
position and prevent rotation. After ignition of the 
r eactant powder, the actual weld is formed in the 
same manner as the exothermic #1. 
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4. Met al-Filled S l e ev e  
Thi s  method o f  conne cting reinfor c i ng bar s to­
geth er consi s t s  of i n s er ting the end s of both bars 
i nto a common s le eve and fi l l ing the s l e eve wi th a 
m e tal filler material whi ch me chani cal ly l o cks the 
bar s together . The pro cedure in thi s type o f  con� 
nec tion wa s a l s o  one tha t wa s r ecommended by the manu= 
fac turer . The end s  of the bars mus t be clean , dry 
and free o f  rus t ,  grea s e , dirt , e t c . However ,  
t i ghtly a dhering mill s cale need no t be removed. For 
vertical connections , as were used in th i s  s tudy, the 
bottom a l i gnment f i t t ing is po s iti oned on the l ower 
bar s o  tha t t he gap b e tween the bars wil l  be at the 
cen ter of the sleeve . Asbe s t o s  wi cking or pa cking i s  
pla ced around the bar a t  the t op o f  th e bot tom al ign­
ment fi t ting (whi ch s uppor ts the sleeve ) and als o a t  
the t op o f  the s l eeve . The a sbestos wi cking a t  the 
t op o f  the sleeve i s  po s i tioned agai n s t  the sleeve by 
the t op a l i gnment fit ti ng . The pour ing ba s i n  i s  then 
a ttach ed tight l y  around the small opening in the 
c en ter of the s l e eve . The crucible i s  then pla ced on 
top o f  the pouring ba s in .  A sma l l  s teel di sk i s  
pla c ed in the bot tom o f  the cruc ible over the tap ho l e  
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and the filler cartridge reactant powder poured into 
the crucible. A small amount of starting powder is 
then placed on top of the reactant powder and ignited 
with a flint. Upon completion of the reaction the 
disk is melted , and the molten alloy metal flows into 
the sleeve through the small opening in the center of 
the sleeve . It cools , thus locking or keying the 
sleeve (through the internal grooves ) to the reinforc­
ing bars (through the bar deformations ) . It should be 
emphasized that this is a mechanical connection ,  not a 
weld. The sleeves used were proportioned in order to 
develop at least the ultimate tensile strength of 
each bar size and steel grade. Table 2 summarizes the 
geometric properties of the splice sleeve. 
5. Sleeves with epoxy #1, #2 and #3 
All epoxy connections used identical #9 bar sleeves 
as supplied by the manufacturer for the sleeve-with­
metal-filler type connections for bars meeting ASTM�A15 
specifications. The epoxy served as the locking mater= 
ial in the sleeve and connected the bars together much 
a·s the sleeve-wi th=metal-filler type connection. Al­
though none of the epoxies were manufactured for this 








TENSILE STRENGTH OF SPLICE 
BASED ON AREA OF REBAR 
BAR NOMINAL YIELD STRENGTH LENGTH 0.D. LO. AREA OF SLEEVE AREA SLEEVE x 80,0 0 0  p.s.i. 
SIZE OF REBAR (k.s.i.) (in) (in) (in) AT TAP !;OLE (in2) AREA REBAR 
145 60 7 2- 3/4 2 2.564 91,2 0 0  4 0  7 2-5/8 2 2. 075 7�,80 0  
I I  
60 6 2- 3/8 1 - 3/4 1 .869 95,80 0  
4 0  6 2- 1 /4 1 - 3/4 1 . 4 4 6  74,200 
1 0  6 0  5 2 - 1 /4 1 - 5/8 1.746 
1 1 0,000 
4 0  5 2-1/8 1-5/8 1 . 348 84,900 
9 40 or 60 5 2 1 - 11 2  1 . 2 50 1 00,000 
TABLE 2. PROPERTIES OF SLEEVES USED 
possible value in this area. Because of the limited 
amount of epoxy #3 available, only three samples of 
this type were made, but five samples each were made 
using epoxy #1 and epoxy #2. 
Epoxy #1 and epoxy #3 were commercial formulations , 
while epoxy #2 was formulation 991-67 (General Purpose 
Adhesive) as outlined in American Railway Engineering 
Association Bulletin #573. Formulation 991-67 con= 







Fibre Div. ) 
(Aluminum Company o f  America) 
(Jones-Dabney Company) 
When mixed , each epoxy had the consistency of a light 
weight grease. 
The epoxies presented some special handling prob-
lems as the po t life averaged approximately 15 min-
utes and no special equipment was available to force 
it into the sleeves. In order to reduce the possibil-
ity of voids , each sleeve was filled with epoxy and then 
one bar was inserted, which forced out some excess 
epoxy. Then the second bar was inserted which forced 
out an additional excess quantity of epoxy. It was 
felt that a satisfactory procedure for filling the 
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sleeves could be developed providing the preliminary 
results of these limited numbers of samples warrant 
it. The connections were tested one week from the 
date of fabrication after being cured at room temper= 
ature and humidity , and the stress=strain diagrams 
plotted mere sufficient data resulted. 
6. Sleeve with Expanded Grout 
The sleeve-filled�with-grout connections also 
used the #9 bar sl eeves supplied by the sle eve-with­
the-metal-filler manufacturer. The bars were of 
ASTM-Al5 material. The grout consisted of one part 
corrunercial expanding concrete additive and one part 
of type I portland cement. Enough water was added to 
render the mixture suitable for use in the sleeves. 
The method of fabrication was similar to the epoxy 
connections, i.e. , one bar at a time was inserted 
into the grout-filled sleeve. Five samples were made 
and were tested at 28 days af ter curing in a moist 
chamber for 7 days and 21 days in air. 
Testing Procedure 
All tests conducted during this investigation were 
static tensile tests using a standard 8" gage length with 
the connection approximatel y centered within this l ength. 
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All bar cross sectional area calculations were based upon 
the measured diameter of the bar at the base of the deform­
ations. The first #9 and #10 control bars were tested 
using a two point, one gage extensometer but this was to 
be unsuitable for the larger diameter bars or the sleeve 
type connections due to space limitations of the yoke. Con­
sequently, a special type extensometer was designed and con­
structed. This consisted of two rings, gn apart (c / c of 
bolts ) , each fastened rigidly to the test specimen by four 
radial bolts ( see Figure 2 ). As two .0001" Ames dials 
were attached between the two rings and diametrically opposed 
to each other, the average total strain recorded would be 
that of the center line of the test specimen. 
The loading rate was approximately 2000lb&per min­
ute for all tests. Due to their dependability against sud­
den failure, the sleeve-with-metal-filler type connections 
were tested to the nominal yield point before the gages 
were removed. After damaging several Ames dials due to an 
unexpected early failure of an exothermic type connection, 
all subsequent test specimens were preloaded to approxi­
mately two-thirds of their nominal yield strength before 
the gages were set in place. When the connection had 
sufficient strength to elongate the bar an appreciable 
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amount after removal of the gages, large dividers and a 
.Oln scale were used to obtain strain measurements until 
failure. All tests were conducted on a 200,000 lb Baldwin 
Universal testing machine which was calibrated before the 
investigation began. 
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CHAPTER III . DISCUSSION OF TEST RESULTS 
Control Bar 
As expected, the control bars established the upper 
limit of values of load and stress. A summary of all test 
results is shown on Figure 1 of this report. Also note 
the stress-strain curves for each sample shown in Appendix 
Figures A-1 through A-58. Each sample is compared with a 
bar without a splice ( labeled control bar or theoretical 
bar ). 
Butt-Welded Splice 
The average values o f  the maximum loads indicate 
that the butt welded connections exceeded the 125% of nom­
inal yield strength criteria for 40 ksi nominal yield steel 
but failed to do so for the 60 ksi yield steel. With the 
40 ksi yield steel, Figure 1 indicates that the welds were 
satisfactory but tends to mask some rather erratic test 
results since an average of two samples is shown. The in­
dividual stress-strain curves in the appendix must be taken 
into account for an accurate analysis. All samples failed 
in the weld area which, in nearly all cases, showed poros­
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control bor column and each butt weld column is the overage of two test samples. 
exothermic column and each sleeve with filler metal column is the average of three test samples. 
epoxy column (nos. I and 2 )  is the average of five test samples using the some sleeve os used with the metal titled sleeve. 
epoxy column (no. 3) is the average of three test samples using the some sleeve as used with the metal filled sleeve. 
6. For No. 9 bars butt welded, insufficient data was available to determine yield strength or unit stress corresponding to .003 in/in of s1rain. 
7. Epoxy no. 3 samples all failed during !he preload test of approximately one�holf the yield strength. 
8. E xpanded grout column is the average of five test samples using the some sleeve as used with the metal filled sleeve. 
* * 9. One sompte separated when the mold was removed. 
FIGURE I. SUMMARY OF SPLICE TEST RESULTS. 
Exothermic {/:l Spl ice 
Al l exothermi c {fol connection s  proved s a tisfac tory 
wi th the excep t i on o f  the #14S bars o f  60 ksi nominal yi eld 
s tr ength. An average of thes e  thre e  s amp l e s  g ives an ul­
timate s trength o f  jus t over the nominal yi eld s tr ength . 
All but two sampl e s  fa iled in the conn e c t i on i t s el f. 
An examinat ion o f  the cro s s  s e c t i on a f ter failur e revealed 
a large var i a t ion in appearance rangi ng from uniformly 
sol i d  to a honeycombing af fect with rela tively large vo ids. 
Oddly enough , no corre l a t i on coul d b e  e s tabl i shed b e tween 
the pres ence or abs ence of the vo i d s  and the ul timate 
s trength . No explana t i on is o f fered here . The two s amp l e s  
that d i d  not fail i n  the c onne c t i on i t s el f  were the #9 bar 
connect ions and the bar fa i l ed in bo th ca s e s . One bar was 
of 40 ksi nomi nal y i e l d  s trength and the other was of 60 
ksi nominal yie l d  s tr ength. 
I t  shoul d a l s o  be noted that one o f  the 24 exo= 
thermi c #1 connection s  comp l e tely fai l ed to j o in the bar 
together . When the mold wa s r emoved , the bar s s impl y  fell 
apart .  The rea son for thi s  was not det ermined. The tip s 
o f  bo th bar ends were covered with reactant metal which 
s eemed to indi cate that they were approxima tely in the 
correct po s i t io n  wi th r e spe c t  to the metal f l ow channel. 
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Exothermi c #2 Spl i c e  
In general , the exo thermi c # 2  connec t i on s  were no t 
a s  sati s factory a s  the exo thermi c 1fol connect:j.ons .  I n  the 
40 k s i  s t eel grade group , the No. 14S bar s fai l ed prema turely. 
The rea s on for thi s i s  d i f f i cul t t o  determine. The break, 
which a l ways o ccurred in the general wel d area , appeared 
solid and free of voids but had a very even, fine-grai ned 
appearance somewhat d i f ferent from the contr o l  bar breaks. 
Some fai lur e s  were l o ca t ed s li ghtly out side of the orig inal 
gap b e tween bar s , ind i ca ting tha t the tip of one bar had 
s epara ted . However , the average ul t imate s tr e s s e s  of the 
o ther bar s in thi s  group were a l l  above the 125% yield 
s trength leve l . 
Like the exothermi c #1, one of the 2 4  exo thermic #2 
connections wa s a total fai lure and fell apart when the 
mold was removed . However , the rea son s eemed to be a l eak 
in the mol d  whi ch a l l owed cons iderabl e molten metal t o  be 
los t. 
S l e eve-wi th-metal-f i l ler Spl i c e  
For ult ima te s tr ength and r e l i ab il i ty ,  thi s con= 
nection equa l l ed t he contro l bar s . There were no prema ture 
failur e s . O f  the 24 s ampl e s  tested , only two s l eeves fai l ed 
and t hen a t  very high s tr e s ses. In all o ther s amples the 
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bars them s elves fail ed and did so a t  a stre s s  comparabl e 
to tha t of t h e  control bar s . Like the No . 148 contro l bar s 
o f  60 k s i  nomina l yield s trength s t eel , the comparabl e  con­
nections did no t break but reached the 200,000 lb l imi t o f  
the t e s ting mach ine (corr es ponds t o  a s tr e s s  o f  approxi� 
ma tely 89 k s i ) .  
S train may prove de trimenta l when j o ining the 
higher s tr ength bar s as the 0.003 i n ch per inch s trai n wa s 
reached b e fore the nominal yield s tr engt h  in two o f  the 
f our s i z e s  of bars t e s t ed in the 60 ks i  group . Al l bar s o f  
40 k s i  ma teri a l  pa s s ed the nominal yield s tr ength before 
reaching thi s  strain . 
Sleeve s f i l l ed with Epoxy #1, #2, #3 and Exp8nded Grout . 
Thi s  wa s a spl i nt er projec t  o f  thi s  s tudy . A s  
epoxi e s  a r e  fairly n ew and apparently qui t e  ver s a til e ,  i t  
wa s decided t o  examine the f ea s ib i l i ty o f  us i ng them a s  
fil l e r  materi a l  for s l e eve=type tens i l e  connection s . For 
the s ame rea s on ,  a s l e eve f i l l ed with commercial expanded 
grout was t e s t ed . All tes t s  fai l ed at such d i s appointingly 
l ow loads tha t thi s area was not consi dered fur ther . Each 
s ampl e failed in shear b e tween the in side s l e eve sur face and 
the surface o f  the reinforc ing bar . 
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Photographs of the te:s.t equipment and t ypi cal t e s t  
s ampl e s  are shown on the following page in Figure 2 .  
25. 
a .  Alignment j i g .  
d .  Typical bar fai lure in sleeve wi th 
metal f i l l er type connec tion . 
g . Exothermic No . 1 connec tions b e ing 
formed . 
b .  Tens i l e  Ext ensome t er . 
e .  Typical Exothermic No . 2 fai lure . 
h .  Surplus s lag metal on Exo thermi c 
No . 1 connec t ion befo r e  r emoval . 
FIGURE 2 .  Tes t  nho togrAnhs ( PArt T )  
Typ i cal sl eeve fa il ur e  in sl eeve 
with metal fil l er type connec t ion . 
Typ i cal exothermi c splic ing opera ti on . 
i .  Typical cro s s - sec tion of Exothermi c 
N o . l connection af ter failure . 
CHAPTER IV . PRELIMINARY CONCLUS IONS 
B utt -Welded Spl i ces 
B ecaus e o f  the wide variation in the t e s t  r e sul t s  
i n  thi s s tudy a s  we ll a s  the co s t  involved , thi s type o f  
spl i c e  wa s no t comple tely s a t i s factory . Thi s  i s  e sp e c ­
i a l ly true in t h e  ca s e  o f  the ASTM-A43 2  bar s . Under 
i deal cond i tions ASTM-Al 5 and ASTM-A408 butt-welded 
spl i c e s  may be a ccep table . 
S l eeve-wi th-metal-f i l l er Spl i c e s  
B a s ed on the r e sul t s  o f  thi s  s tudy , the s l eeve­
wi th-metal-fi l l er type connect ion wil l  for al l pra c ti cal 
purpo s e s equal the ul t imate strength of both 40 ksi and 
60 k s i  nominal yield s trength bar s . Their c ons i s t ently 
hi gh qual i ty wa s remarkab l e ,  and , i f  the recommended pro­
c edure i s  fo l l owed , it app ears that thi s spl i ce can b e  
used wi th c omp l ete confidence . However , the a l l owab l e 
s train may b e  a l imi ting factor when the high er s tr ength 
ASTM-A43 2 bar s are us ed a s  the metal f i l l er a l l ows mor e  
s train than the reinforcing bar s . Thus , s ome o f  the ad­
vantage of high s trength bar s may be l o s t  if l o ca l  concrete 
cracking around the connec tion r e s ul t s . With ASTM- Al 5 and 
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ASTM-A408 bars the nominal yi e ld s trength o f  the s te e l  
wa s reached b e fore the co nne c t i on yi elded 0 . 003 i nches per 
inch and exc e s sive s train d o e s  no t app ear to b e  a prob ­
l em .  
A very defini te advantag e o f  thi s type connection 
s eems to b e  tha t it s qua l i ty can be a s certai ned w i th 
a c cura cy by vi sual inspec tion , i . e . , i f  the f i l l er me tal 
i s  vi s ib l e  at each end o f  the s l e eve af ter removal o f  the 
a sb e s to s  pa cking , it can reas onably be a s sumed tha t  the 
s l eeve conta ins the proper amount of filler . I n  add i tion 
the connection is relatively qui ck and easy to make s i nce 
o nly approximately five minute s  i s  r equired b efore the 
equipment can be removed immediatel y for the next s e t  up . 
A s  the s l e eve and fi l l er me tal are the only i t ems con= 
sumed , no troub l e s ome c l eanup i s  neces sary . The f i r e  
hazard i s  minimal due t o  the relat ively mi ld reac t i on i n  
the crucibl e and the us e o f  a spla sh guard . 
Exo thermi c Spl ices 
B a s ed on the s ampl e s  te s ted , the s e  connections do 
not app ear to po s s e s s  the hi gh rel iab i l i ty o f  the s l e eve= 
with =metal= f i l l er typ e connection but the exo thermi c did 
g ive reasonable average values o f  maximum s tres s .  However , 
the averaging o f  samp l e s  tends t o  hide a wide varia ti on 
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between individual samp l e s . For exampl e ,  Exo thermi c 1/:1 
spl i c e  o f  40 k s i  nominal yi eld s trength s te e l  fai l ed a t  
s tre s s e s  ranging from approxima tely 5 2 , 000 p s i  t o  8 8 , 00 0  
p s i  and from 41 , 0 00 p s i  t o  1 0 5 , 000 p s i  f o r  60 k s i  nominal 
y i e l d  s trength s t eel . The Exothermi c 1/:2 spl i c e  o f  40 k s i  
nominal y ield s trength s teel fail ed a t  s tr e s s e s rangi ng 
from approxima tely 20 , 000 p s i  to 7 9 , 00 0  p s i  and from 
5 5 , 00 0  p s i  to 9 7 , 00 0  p s i  for 60 ksi nominal yield 
s trength s te el . 
B o th o f  the exo thermic spl i ce s  s trained rela tively 
very l i tt l e  up to the point o f  failure whi ch from the 
s tandpoint o f  d e f l e c t i on i s  a real advantage . 
A defini te d i s advantag e o f  thi s  typ e connecti on 
app ears to be i t s  immuni ty from an a ccura t e  vi sual in= 
spe c t i on. Very l i t t l e  can be det ermined about i t s l oad 
carrying capabi l i ti e s  s imply by looking at i t .  Al l 
sample s made during thi s  r e s earch l ooked identical , but 
they fai l e d  over a wi de range of stre s s e s . 
More time i s  r equired to make the exo thermi c con= 
nection s  than the s l e eve -wi th=metal �, fi l l er typ e . B o th 
exo thermic type connect ions are very s imilar and bo th re= 
qui re appro xima tely t en minute s p er connection but the 
clean=up time , i . e . , removing the mo lds , could extend th i s  
time s omewha t .  I n  a dd i t ion , th e f ire hazard i n  the 
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immediate vi c inity of the reac ti on could be a prob l em around 
wooden formwork . 
Epoxy #1 ,  #2 ,  #3 and Expanded Grout Spl i c e s  
O n  the b a s i s  o f  thi s s tudy , the s e  c onnec t ions appear 
to be tota l l y  inadequa te and should no t be u s ed for tensil e 
spl i c ing reinforc ing bar s unl e s s  the l ength of the spli c ing 
sleeve i s  s igni f i cantl y  increa s ed a s  compared to the sle eve 
u s ed in the metal - f i l l ed s l e eve sp lice . 
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PART II 
FLEXURAL B EAM  TEST S 
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CHAPTER V .  OBJ ECTIVES AND SCOPE 
Ob j ectives 
I t  wa s the primary ob j ec tive of Par t II t o  d e ­
termine t h e  e f f ectivenes s  o f  the mor e  promi s ing typ e s  o f  
spl i c e s  a s  d e termined from Part I when the spl i ce s  were 
imbedded in concre te and a c t i ng as a fl exural member a s  
compar ed t o  a member whi ch contained no spl i c e  - - ra ther 
a co ntinuous reinfor c i ng bar . A s ec ondary obj ec ti ve wa s 
to compare the deflec t i on o f  a member and the cracking 
pa t t ern wh i ch might d evel op in the concre t e  be c au s e  o f  
the na tur e  o f  the s pl i c ing devi ce i t s el f  a s  compared t o  a 
member wi thout such a spl i ce . 
S c ope 
F or the ini tial s tudy ,  the f l exural members whi ch 
would be ca s t  would b e  l imit ed t o  member s conta ining one , 
No . 1 1 , ASTM-Al5 bar when l oaded a s  a s impl e  beam and sub ­
j ected to two symme tr i c a l  concen trated loads , thus produ c ­
i n g  a cons tant moment s e c t i on under l ive load condi tions . 
The member would be sub je c ted to a stati c l oad for rel a t ­
ively short t ime t e st s . 
I n i t ia l ly i t  wa s d ecided that a total o f  six beams 
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would b e  ca s t  f or thi s s er i es o f  f l exural t e s t s .  One 
b eam woul d be a control samp l e ,  two b eams would contain 
l ap spl ic e s  of di fferent l ength s , two mor e  beams wou ld con­
tai n  a reinfor ci ng bar spl i c ed wi th a s l e eve and f i l l er 
me tal , whi l e  another beam would co ns i s t  o f  a r ei nforc ing 
bar spl i c ed with an exo thermi c No . 1 spl i ce . Later , 
however , i t  wa s decided tha t  two addi tional lap spl i c e  
sampl e s  would b e  ca s t  i n  whi ch s t irrup s would b e  supp l i ed 
in the lap reg i on .  Thus , a tot a l  o f  eight beams were in­
cluded in thi s s er i e s  of t e s t s . 
I t  should b e  p o inted out t hat for th i s  par t  o f  the 
s tudy , the exo thermic No . 1 device was s el e cted rather 
than the exo thermi c No . 2 devi c e  b ecaus e of i t s  more con­
s i s tent performance in Par t I o f  thi s repor t . However , i t  
i s  bel i eved tha t very l i tt l e  d i f ference would have re sul ted 
in the fl exural te s t s  pl anned r egardl e s s  o f  whi ch o f  the 
two exo thermi c devi c e s  had b e en s el ec ted - barring a 
premature fai lur e o f  the spl i c e  i t sel f . 
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CHAPTER VI. T ESTING PROGRAM 
T e s t  Sampl e s  
The t e s t ing program wa s p erformed o n  the Univers i ty 
o f  Oklahoma campus with the l oading frame ut i l i z ing a hy­
draul i c  j a ck to appl y  the n e c e s sary l oad whi ch wa s in turn 
r eacted by th e  t e s t  frame . 
F igur e 3 outlines the deta i l s  of r einforcement in 
each beam , as wel l  as the type and l o cati on of spl i c e s  
whi ch were uti l i z ed i n  the e i ght t e s t  sampl e s . Tabl e 3 
summar i z e s  the beam proper tie s ,  incl uding t he deta i l s  o f  
the concre t e  mix us ed . The mix wa s de s i gne d to y i e l d  a 
3000 p s i  c oncre te wi th Type I I I  (High Earl y - S trength ) 
c ement being us ed for a l l  te s t  samp l e s . Tab l e  3 a l s o  out­
l i n e s  the compr e s s ive s trength of the concre t e  u s ed for 
e a ch t e s t  s ample as d e termin ed fr om the average o f  three 
6 nx1 2 n concrete cyl i nder tes ts . The tens i l e  s treng th o f  
the concr e t e  i s  al s o  re corded ba s ed o n  the average o f  three 
6 11x1 2 n  spl i t - cyl inder tes t s . The reinforc ing bar s us ed for 
primary re inforcement in a l l  b eams were ASTM-Al 5 ,  de formed 
bars of No . 11 s i z e and were all from the s ame heat . Al s o  
from the s ame heat wa s the coupon s ample tha t wa s used to 
experimen tal ly de termine the a c tua l y i e l d  s tr ength (49 ksi ) 
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Test Beam 
Note: ® indicates location of 
. 001" Ames deflection dial s .  
Beam No. Type of connection 
I C ontrol, no splice 
2 Lop 250 = 35 " 
3 Lop 1 7 0 = 2 4" 
4 Sleeve, metal filler 
5 Sleeve, metal filler 
6 Exothermic # I  
7 Lap 2 5 0 =  35" 




I I - - - 1 1 






10 at 4"c/c -
7 at 4"c/c 
\ 
, Splice location L • 1 1  Bar 40 k.s.i. 
(See oe1owl 10" 
Uypicol lop splice - 3 U Stirrups, 4"clc n lap zone of beams 7, 8 .  













Figure 3. Reinforcement details, Flexural test samp les 
<fl 
** 3 Bars , 3'- 11" 





11t3 U Stirrups 4°c/c. 
II per end 
22 per beam 
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TABLE 3. BEAM AND CONCRETE PROPERTIES 
ACTUAL ACTUAL 










CLEAR fc' a 
COVER, 
inches p.s.i. 
1 - 112 2830 
1 - 1/2 3380 
1 - 9/16 2860 
1 - 1 12 3460 
1 - 112 3200 
1 - 1 2  3530 
1 - 1 / 2  2950 













0 Average of three 6" x 12" cylinder tests. 
TENSILE TYPE CONCRETE 
STEEL OF SLUMP, 
USED SPLICE inches 
1 -" 1 1  None 5 
1 - • 1 1  
d 
25 D Lop 5 
1 - " l l  1 7  D Lapd 5 
1 - #1 1 
Sleeve with 
5- 112 fil ler metal 
1 -•1 1 
Sleeve with 
5 - 1 /2 filler metal 
1 -�ll 
Exothermic 5-1/2 No. I 
1 - • 1 1 25 0 Lopd 4 - 1/ 2  (stirrups) 
17 0 Lopd 1 -"11 (stirrups) 4 - 112 
CONCRETE MAX. SIZE f' Q 
FACTOR, c AGGREG. , sp 
socks/yard inches p.s.L 
5.0 1 - 1/4 3 7 7  
5.0 1 - 1/4 452 
5.0 1 - 1/4 38 1 
5.0 1 - 1/4 343 
5 .0 1 - 1/4 355 
5.0 1 - 1/4 366 
I 5.0 1 - 1 /4 300 
5.0 1 - 114 324 
fc'= compressive strength of the concrete in the beam determined by compressive cylinder tests of the some age . 
t;P = tensile strength of the concrete in the beam determined by split cylinder tests of the same age . 
b Experimental ly determined values of sample coupons from the some heat. ( ASTM - A 15 Bars ) 
c High-Early Strength Cement (Type I l l ) was used in a l l  beams . 
Aneness Modulus of the sand was 2.64. Aggregate was crushed limestone . 








6 . 2  
5 . 5  
6.2 
o f  the No . 11 bar s . ( S ee Fi gure A-65 ) . The de forma t i on 
patt ern o f  a l l  bars us ed in Part I I  were o f  the s ame pa t t ­
ern a s  used throughout Part I o f  t h e  pro j e c t . 
I t  shoul d be noted tha t the geometry o f  th e t e s t  
sampl e s  wa s such that by e la s t i c  theory , each b eam wa s an 
o ver - r einfor ced or sha l l ow beam . However , by ul tima t e  
strength theory , each b eam wa s under- reinforc ed or a deep 
b eam . Thi s permi t t ed the s teel , t ens i l e  spl i c e s  t o  be 
sub j ec ted to i t s  ul t imate l oad a s  repr e s ented by a yi elding 
o f  the fl exural s te el and/or the spl i c ing devi s e .  
B eams 1 ,  2 ,  and 3 were all poured a s  a s i ng l e  group , 
a s  were beams 4 ,  5 ,  and 6. Likewi s e , beams 7 a nd 8 were 
p oured a s  a thi rd group . The forms were cons truc ted so tha t 
the ten s ion s te e l  wa s in the bo tt om o f  forms on l� n bolster s . 
Each b eam and i t s  s ix companion cyl i nders were then cured 
for approxima tely four days under a pla s ti c  cover a fter 
be ing trea t ed wi th a curing compound to prevent the l o s s  
o f  i nt ernal moi s ture . At the end o f  thi s period , each 
member and c ompanion cyl inders were s tripped from the ir 
forms and a l lowed to cur e  under a p l a s t i c  cover for a t  l ea s t  
f ive addi t i onal days before t e s ting . For each t e s t  beam the 
companion cyl i nders were t e s ted on the s ame day as the beam 
s o  a s  t o  insure their repr e s enti ng accurately the same con ­
crete proper t i e s  a s  exi s ti ng i n  the member i t s el f .  After 
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pla cing a member in the t e s t  frame , i t  wa s whi t ewa shed 
wi th a l ime and wa ter preparation so as to add to the 
vi s ib i l i ty o f  the cra cks a s  they appeared during t he t e s t ­
ing opera tion . 
Ins trumenta ti on 
In a l l  t e s t s , • 001 11 Ame s de fl e cti on gages were 
mounted at th e c ent er of the span , as wel l as under each 
o f  the two concentra t e d  l oads . 
In add i tion on b eams 1 through 6 ,  e l e c tr i c  s train 
gage s were p l a c ed on the rei nfor cing bars i n  the vi cinity 
o f  each spl i ce in the con s tant moment zone ( F i gure 3 )  s o  
tha t the actua l s tre s s  in the re infor ci ng b a r s  could b e  
mea sured a t  a l l  time s . In the ca s e  o f  b eams 7 and 8 ,  only 
de flec tion r eadings were recorde d . Al l the SR- 4 e l e ctri c 
s train gag e s  tha t  were u s ed in thi s  pro j e c t  wer e moun t ed 
on the l ongi tudinal ribs o f  the reinforcing bars and wer e 
1 / 4 1! metal f o i l  gag e s . Each gage wa s wat erproo f ed wi th 
an epoxy wa t erproofing compound and prote c t ed wi th pla s ti c  
tape around the bar a t  each gage l o ca t ion . 
The l o cation o f  el ectric s train gag e s  for beams 1 
through 6 are a s  fo l l ows ( Al s o  s ee F i gure 3 ) : 
a )  B eam 1 :  Two gag e s  were pla ced direc tly a t  the 
cen ter o f  the span on oppo si te s i de s  o f  the 
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reinforc ing bar s on the l ong i tudinal rib s of the 
bar . 
b )  B e am s  2 and 3 :  F our s train gage s  were us ed , 
two on each bar , s o  that one gage would b e  on the 
l ongi tud inal rib a t  the t erminat ion of the bar and 
a s eco nd gage wa s mounted o n  the s ame bar at th e 
point oppo s i t e  the po i nt o f  t ermina t i on o f  the o ther 
bar . 
c )  B eams 4 and 5 :  Thre e  s t r a in g ag e s  were us ed i n  
the longitudinal dire c t i on . One wa s mounted dir­
ectly in the c ent er of the sp l i c ing s l e eve , whi l e  
the o ther two gag e s  were mounted on the longi tud ­
inal ribs o f  the reinfor c ing bars approxima te ly 
one inch out s i d e  of the end o f  the s l eeve . 
d )  B eam 6 :  Two s train gag e s  were used . They were 
mounted in the l ongi tudi nal direction approxim� tely 
an inch and one - ha l f to two i nches out s i de o f  the 
spl i c e  z one on the l ongi tudinal rib of each re­
inforcing bar ( approxima tel y 6" apart ) .  
Special a t t ention should b e  g iven to b eams 2 a nd 3 .  
In each c a s e  the us e o f  the p l a s ti c tape around the 
reinforci ng bar at each s train gage l ocati on r educed the 
e f f e c t ive l ap o f  each s p l i c e  by 2 bar diameters or to 
approximately 2 3 -D and 15-D for b eams 2 and 3 r e sp e c tively . 
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In order to dupl i cate the e f f ective l ap l engths accur ­
a t ely i n  b eams 7 and 8, s imi lar pla s ti c  tap e a t  s imilar 
locati ons wa s added a l though no s tra�n gag e s  were i n­
s ta l l ed . Thus the e f f e c tive lap for beams 7 and 8 wa s 
a l s o  2 3 - D  and 1 5 - D  respec tively . 
The r eader wi l l  no te tha t  the 1 7  di ame t er l ap 
i s  the minimum l ap accep tabl e p er 1 9 61 AASHO Speci f i ­
cations , S e ction 1 . 7 . S ( c ) . The 2 5  diamet er l ap wa s a l s o  
s e l e cted s ince i t  i s  the minimum l ap us ed b y  the 
Oklahoma S ta t e  Hi ghway Department . 
Pro cedure of Te s t ing 
Dur i ng t he t e s ting o f  e a ch beam ,  reading s  were 
taken from the defl e c ti on d i a l s  and the internal s train 
gag e s  at vari ou s  interva l s  wi thin the ela s t i c  rang e . 
In addi ti on a t  each int erval l oading , an e f fort wa s made 
to d e t ermine th e cra cks whi c h  ha d o ccurred s ince the 
l a s t  interval l oading had been added . The s e  cracks wer e  
marked wi th a bla ck grea s e  p enc i l  t o  show the propaga t i on 
o f  the cracks on the s i de s  and the bot tom o f  each memb er . 
This can be s een in Figur e s  6 and 7 .  Upon reaching 
approximately 7 5 %  o f  the expe c t ed ul tima te capa ci ty o f  
the memb er , the defl e c tion gage s  were removed wh i l e  
s train gages continued to b e  moni tored a s  long a s  th ey 
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were wi thin their effec t ive range s .  In each ca s e  the 
member wa s l oaded to fai lure so tha t  the ul tima t e  l oad 
wa s determined . Thi s  pro c e s s  wa s r epea ted for each 
b eam t e s t ed wi th the excep ti on o f  b eams 7 and 8 on whi ch 
no e l e c tr i c  s train gag e s  were mounted . 
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CHAPTER VI I . TEST RESULT S AND DI SCUSS ION 
A summary o f  a l l  r e sul t s  a s  wel l  a s  the beam l oad­
ing proper t i e s  can b e  found i n  Tabl e 4 of thi s repor t . In 
addi tion , two s e t s  of d e fl e c t ion curve s  are include d  in 
F i gur e s  4 and 5. The s e  curve s repre s ent the de f l e c ti ons 
of each t e s t beam b o th at th e center l ine o f  the span a s  
wel l a s  direc tl y  under the point o f  each concentra ted load . 
Fur ther ampl i f i ca t i on can b e  s een i n  the pho tograph s o f  
each te s t  sampl e a s  r epre s ented i n  F igur e s  6 and 7 .  
C omment s  for each t e s t s amp l e  are outl ined b e l ow : 
T e s t  B eam 1 .  
The resul t s  o f  thi s sampl e agreed c l o s ely wi th 
what mi ght be ant i ci pa t ed s i nc e  i t  develo p ed 1 05 %  
o f  the theoreti cal ul t ima t e  moment . I t  al s o  checked 
the theor e t i ca l  d e f l e c t i on cal cul a ti ons ra ther 
clo s ely a s  can b e  s een from Tabl e 4 .  The fa i lure o f  
b eam 1 wa s through y i elding o f  the fl exural s teel . 
A t  fa i lur e , the member continued to d e fl e c t , but 
r e fused to carry addi ti onal moment . 
T e s t B eam 2 .  
T e s t  beam 2 c o l l ap s ed a t  the mid span a t  only 
49% of the cal cula ted ul t ima te moment . I t  had a 1 9% 
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increa s e  i n  defl e c t i on a s  compared to the control 
sampl e ,  beam 1 .  Thi s  rat io of defl e c ti ons i s  b a s ed 
on the l ive load working moment .  Failur e  wa s 
through bond in the l ap j o i n t . 
T e s t  B eam 3 .  
T e s t  beam 3 wa s a lap joint s imi lar to beam 2 
excep t tha t i t s reinfor c ement lap wa s only s event e en 
bar diame ters in l engt h . I t  deve l oped only approx­
ima te l y  3 4% o f  the theoreti cal ul tima te capa ci ty o f  
the member a s suming that no j o int fai lur e  would have 
taken pla ce .  I t s  d e f l e c ti on wa s 2 6% greater than 
the d e f l e c tion wa s a t  the corre spondi ng l oad for 
beam 1 ,  the contro l sampl e . Fai lur e  wa s ini t i ated 
by bond fa ilure in the l ap j o int . 
Te s t  B eams 4 and 5 .  
F a i l ure in bo th o f  the s e  sampl e s  wa s by y i eld� 
ing or deforma tion i n  the fl exural s teel fo l l owed by 
cru shing o f  the compre s s i on concrete near mid span . 
Al though one o f  the gag e s  on the reinforci ng bar in 
beam 5 ind i ca ted s l ippage , o ther evidence such as d e ­
f l e c ti on fai l s  t o  sub s tantiate any s l ippage o f  the 
bar wi thin the s l e eve . There fore , one might conclude 
that the sl ippage o c curred b e tween the ga ge and the 
bar i t s el f .  Each of the samp l e s  had a s l i ght 
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l ongi tud inal spl i t  i n  the bottom o f  the beam directly 
under the spl i c ing s l eeve a t  fai lur e . However , thi s  
sp l it d i d  no t o ccur unt i l  nearly the ul tima te load o f  
the member had been reached and di d no t app ear t o  b e  
a s erious spl i t  from the s tandpoint o f  reducing th e 
ul t ima t e  capa ci ty o f  the member or perp e tua t i ng 
add i t i o nal cracks . The width o f  the cracks in b oth 
sampl e s , wh i l e  mor e  numerous than in the ca s e  o f  beam 
1 ,  d i d  no t app ear t o  be ob j e c ti onabl e i n  s i z e  or 
number , al though the defl e c t i on for beams 4 and 5 wa s 
5 3 - 61 %  grea t er than the defl e c t i on o f  b eam 1 a t  the 
same l ive l oa d  worki ng moment . The ul t ima te l o a d  o f  
each beam wa s 7 5 - 7 6% o f  the theor eti cal ultima t e  
capa ci ty o f  the b eam .  The crack travel o n  each span 
might sugg e s t  that the compr e s s ive concr e t e  fai lur e  
wa s produced b y  the c ontinuously r educed compr e s s ive 
area re sul ting a s  the internal moment arm increa s ed 
wi th the incr e a s e d  deformation o f  the t ens i l e  s teel . 
T e s t  B eam 6 .  
The spl i c e  o f  beam 6 wa s exo thermi c sp l i ce No . 1 
and devel oped 80% o f  i t s  ul timate theor e ti cal capa ci ty . 
The mea sur ed c enter l ine defl e c tion a t  the working 
l ive load moment wa s approximately 2 6% grea ter than 
for the contro l sample , b eam 1 ,  at the same l oad . 
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I t s crack patt ern wa s very s imi lar to th e pa ttern 
deve loped by b eam 1 .  
Tes t  B eam 7 .  
T e s t  beam 7 wa s spl i ced wi th a twenty - five 
diame ter l ap spl i c e  wi th No . 3 U s t irrup s pl a ced 
at four inche s c ent e r - t o - center throughout the l ap 
zone . Thi s memb er deve loped approxima tel y 7 9% o f  i t s  
theor e t i c a l  ul tima t e  capac i ty wh i ch wa s cons iderably 
grea t er than the 49% developed by beam 2 wh i ch wa s 
i dent i ca l  but for th e s ti rrups in the lap z one . 
There fo r e  the appr oxima te 60% increa s e  i n  capa c i ty can 
be c ontributed to the pl a ci ng o f  s t i rrup s in the sp l i ce 
z one . The de fl ection wa s s imil ar to tha t o f  beam 2 
in that it exhib i t ed a 23% increa s e  in de f l e c ti on over 
b eam 1 when a s imilar moment wa s app l i ed to the 
memb er . No el ectri c s train gages were l o c a ted on t hi s  
s amp l e . I t s fa i lure , unl ike beam 2 ,  where a bond 
fai lure o c curred , fa i l ed through yie l d ing or de form­
a t ion o f  the fl exural s t eel followed by a c rushing o f  
the c ompr e s s i o n  c oncre te n ear mid span . 
Te s t  B eam 8 .  
The r einforc emen t in beam 8 wa s spl i ced w i th a 
s even t e en diame t er lap spl i ce in add i t i on t o  No . 3 U 
s t irrup s placed throughout the lap z one and spaced a t  
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four inch e s  c enter - t o - c enter . Thi s  member developed 
approxima tely 5 5 %  o f  i t s  theoretical ul tima t e  capaci ty 
wh i ch i s  once again approximately 60% greater than 
the ul tima te s trength develop ed by beam 3 wh i ch d i d  
n o t  conta in any s t irrups i n  the lap zone . I t s  d e ­
fl ection , however , wa s 44% greater than tha t o f  the 
con trol s ampl e carrying the same moment . Thi s  com­
pares to 2 6% grea t er for beam 3 wi thout s t irrup s in 
the lap zone . The addi ti onal defl e c t i on exhib i t e d  
b y  thi s member a s  compared t o  beam 3 i s  no t explained . 
The fa i lur e  o f  b eam 8 wa s characteri z e d  by a bond 
f a i lure i n  the lap j o int jus t a s  wa s the c a s e  o f  
b eam 3 whi ch d i d  not contain any s tirrup s i n  the l ap 
z one . No electr i c  s train gages were l o c a ted on thi s 
b eam . 
For a l l  e ight member s the theor e ti cal s teel s tr e s s ,  
f s , wi th a l ive l oad worki ng moment appl i ed wa s approxima tely 
1 3 , 00 0  p si . The mea sured s tre s s e s  for beams 1 through 6 ,  
whi ch conta ined gage s  on the re inforcement b ar s , were in mo s t  
ca s e s  grea t er than thi s theoret i cal s tres s .  Thi s  may b e  
parti a l l y  expl a i ned due to que s t i onable magnitude o f  depth 
o f  the cracked s ec t i on a s  wel l  a s  to shrinkage and cre ep 
s tr e s s e s  whi ch e l a s t i c  theory do e s  no t immedia tely accoun t 
for , e special l y  a t  working l oad s . 
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Al though the crack s , a s  can b e  s een i n  F i gure s  6 
and 7 ,  were marked a t  peri o d i c  interval s during the t e s ti ng , 












TABLE 4. BEAM LOADING PROPERTIES ANO SUMMARY OF RESULTS 
MEASURED AVERAGE CALC. l MEASURED l 
TYPE OF CALC. WORKING CALC. ULT. MEASURED ULT. MOMENT CALC. LL fs at MEASURED L L  fs DEFLECTION
' at DEFLECTION al 
RATIO OF l 
SPLICE 
MOMENT, 1 MOMENT, 2 ULT. MOMENT, WORKING MOMENT, at WORKING L L  WORKING LL WORKING 
DEFLECTIONS4 
TYPE OF FAILURE 
kip feet kip feet kip feet CALC. ULT. k s.i. MOMENT, MOMENT, MOMENT, 
MOMENT k.s.i. inches inches 
None 15.6 49.4 51.8 l.05 13.0 15.7 .174 . 172 1.00 Yielding of flexural steel 
25-D Lop 
6 15.6 51.8 25.2 .49 13.0 18.8 .174 .205 1.19 Bond failure in lop joint - ----· ... 
Bond failure 17-D Lop 6 15.6 49.9 17.0 .34 13.0 30.7 .174 .217 1.26 in lop joint 
Sleeve with 15.6 51.8 39.0 .75 13.0 20.2 . 174 .263 1.53 r· .. .. , .. , filler metal 
Sleeve with 15.6 50.8 38.5 .76 13.0 4 . 1  . .174 .2 77 I.GI Yielding of flexural steel filler metal 
Exothermic 
�-- -· followed by compressjve 
No. I 
15.6 51.8 41.5 .80 13.0 16.2 .174 .216 1.26 concrete crushing. 
25·0 Lap 1 5.6 50.6 40.0 .79 13.0 Not meosured . 174 .212 i.23 with stirrups�·7 
17-0 lop Bond foilure 
wifh s1irrups6'7 15.6 48.8 27.I .55 13.0 Not measured .174 .247 1.44 m lap joint 
1 Approximate value based on 1961 AASHO Specifcations [dead load {DL) + live load {LU] 
2 Based on M u =  A, fy(d- � )  where a =  !�:}� Small variations due to change in fc' and beam cross- sections. 
3 Based on the gross concrete area neglecting the steel and Es= n E 0 .  (n= 1 0 ) , Es= 29 x 10 6 p s.i 
4 Ratio of the measured LL center-line ( l )  deflections at working moment for each member os compared to beam No. I at its LL working moment. 
5 Either one end of bar in sleeve slipped temporarily or gage 3 itself slipped on the bar. ( No other evidence suggests bar slippage, ) 
6 Effective bonding lap approximately two bar diameters less due to instrumentation attachments. 
7 No. 3 U stirrups at 4" c/c within the lap zone. 
All the data above except os noted include the effect of the applied load, the dead load of the beam, and the weight of the loading beam. 
The dead load moment for all beams was 1.8 kip-feet. 
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NOT E :  13.8 kip-ft corresponds to 
max. live load working moment 
per 1961 AASHO Specs. 
Theoretical deflection 
( Based on the gross concrete 
section neglecting !he 
steel area ) 
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Deflection at <t of Beam ( inches ) 
FIGURE 4. DEFLECTION AT MID-SPAN FOR EACH TEST SAMPLE .  
Theoretical deflection 
(Based on gross concrete 
section neglecting the 
steel area ) 
13.8 - - - - - -
Beam I 
NOTE: 13.8 kip-ft. corresponds to 
max. live load working moment 
per 1961 AASHO Specs. 
Beam 4 
0.05 0.1 0.15 0.2 0.25 










Ult. LL moment (kip-ft. ) 
50.0 
23.4 






FIGURE 5.  DEFLECTION UNDER THE LOADING POINTS FOR EACH TEST SAMPLE . 
a .  Test B eam 1 ( c ontrol beam) in t e s t  
frame . 
cL Beam 2 (left end) at failure . 
g .  B eam 3 strain gage loc;;\tions . 
b .  Crack pattern at failure in 
B eam 1. 
e .  Lap failure in Beam 2 .  
h .  B eam 3 at failure. 
Not e :  Numbers by the cracks on each beam corre spond 
to indica ted jack load , no t true load . 
F IGURE 6 .  Tes t  photographs' of beams 1 through 3 ,  
c .  B eam 1 in the forms . Note strain 
gage s .  
f .  Beam 2 (right end) at failure. 
i. Lap failure �n Beam: 3 
a .  B eam 4 after failure . 
d .  Cracks at the center on s ide and 
bo ttom of B eam 5 at failure . 
g . Right end o f  Beam 6 at failure . 
b .  Cracks a t  the center on s ide and 
bo ttom of B eam 4 at fa ilure . 
c .  B eam 5 a fter failur e .  
e .  Le ft end o f  B eam 6 at f a ilure . f .  Center o f  B eam 6 at failure .  
h .  Beam 7 a ft er failur e .  
Note : Numbers by the cracks �n each beam correspond 
to indi c a ted jack load , not true load . 
PT f"'TTRk' 7 
i .  Bottom and s ide cra cks in 
B eam 8 at failur e .  
CHAPTER VI I I . CONCLUS I ONS 
Within the l imi tat i on s  o f  thi s s tudy , the f o l l owi ng 
s t a t ement s appear to be warranted : 
1 .  At thi s t ime ther e appear s to b e  no equival ent 
sub st i tut e for a cont inuous bar in a member wi thout sacri ­
f i c i ng s ome ul t ima t e  capa ci ty and s t i ffne s s . 
2 .  At po int s where a spl i c e  mus t  b e  u s ed , greater 
defl e c ti on and r educed ul timat e  capa c i ty shoul d b e  r e cogni z ed 
by the d e s igner . 
3 .  The s l eeve . wi th - f i l l er-meta l , when sub j e c ted t o  a 
r e l a ti ve shor t - t ime s t a t i c  l oad , y i elds wha t appear s t o  b e  a 
very s a t i s factory t ens i l e  spl i ce , a l though a t  l ea s t 5 0% 
grea t er deflection can b e  an ti c ipa t ed wi th s uch a spl i ce a s  
compared t o  the ab s ence o f  any spl i c e  at a l l , that i s , a 
s traight co ntinuous bar . The ul t ima te capa c i ty o f  the mem­
b er s o  spl i ced may b e  only 7 5% o f  the member having continu­
ous r e inforcement . 
4 .  The exot hermi c No . 1 spl i ce would al so app ear to 
be a very sa t i s fa ctory spl i c e  provi ded a r e l i abl e inspecti on 
pro cedure can b e  developed for the fi e l d  so a s  to insur e  the 
rel iab i l i t y  of any g iven spl i ce wi thout a phy s i ca l  t es t . In 
addi t ion , more fabr i ca t ion probl ems exi s t  with the exo thermi c 
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d evi c e s  than wi th the s l e eve - with - f il l er-- me tal type . The 
d e f l e ct i on of the exo thermic No . 1 devi c e  wa s comparabl e  to 
the lap spl i c e  al though at l ea s t  2 6% greater defl e c tion r e ­
sul t ed i n  member s uti l i z ing the exo thermi c No . 1 spl i ce a s  
compared to the contro l beam .  
5 .  The 19 61 Speci f i ca t ions o f  the Ameri can A s s o c i a ­
t i o n  o f  State Hi ghway O f f i ci a l s ,  S e c tions 1 . 7 . 5  ( c )  and 
2 . 5 . 6 , should be cr i t i cal ly r eviewed with the idea o f  
po s s ibly modi fying i t  t o  sub s tant ial ly i ncr ea s e  the l ap 
di s tance requir ed or reduce the a l l owab l e  bond s tre s s  p ermi t ­
t ed t o  b e  u s e d  i n  the cal cula t i on o f  the required develop ­
menta l l ength f or such a s p l i c e . A l ap di s tance greater 
than twenty- five bar diame ters app ear s to b e  warranted . 
6 .  The add i t i o n  o f  s ti rrup s in the l ap z one a t  a 
spa cing of not more than one-ha l f  the dep th o f  the member 
appear s to add approxima tely 60% to the s tr ength o f  the l ap 
j o i n t  without increas ing the lap di s tance required . 
7 .  The actual s te e l  s tr e s s  i n  the members s tudi ed 
exceeded the theor et i ca l  comput ed ela s t i c  s tr e s s  by a t  l ea s t  
2 0% .  
8 .  A s suming tha t a l ap spl i ce i s  no t feas ibl e ,  a 
spl i c e  cons i s ti ng o f  a s l eeve -wi th- f i l l er··· me tal app ear s to 
be the mos t  sui tabl e method for spli cing t en s i l e  rein for c i ng 
bars (wi thi n  the l imi tat i o n s  o f  thi s  s tudy ) when rel iabi l i ty ,  
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s tr ength , defl e c tio n ,  p la c emen t ,  and fabr i c a ti o n  are al l 
cons idered . At th i s  t ime and on the ba s i s o f  the s e  t e s t s , 
the exo thermi c devi c e s  app ear to give a s ti f f er j o int , 
al though a l e s s rel iabl e j o i nt , from the s tandpo int o f  in­
spec tion and cons i s tency , than do the metal f i l l ed s l e eve 
s pl i ce s . 
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CHAPTER I X .  RECOMMENDATIONS 
FOR FURTHER RES EARCH 
1 .  The fl exural t e s t s in thi s s tudy s hould b e  dup � 
l i ca ted s o  a s  to include ASTM-A43 2  s t eel o f  No . 1 1  and 14S 
bar s amp l e s . Thi s  part i cular s tudy i s  o f  con s iderabl e 
importance due to the addi t i onal deflec tion introduced by 
s ome of t he mechani cal conn e c tor s ,  whi ch when coup l e d  wi th 
the greater defl e c t i on inherent in us ing h igher s tr ength 
s te el s , may prove to be prohib i t ive for mo s t  de s i gn condi t -
ions . 
2 .  Add i t iona l f l exural t e s t s  should b e  under taken in 
whi ch there i s  no t a co ns tant moment s ec t io n ; tha t i s ,  where 
shear i s  i ntroduced as a va r iabl e .  Such t e s t s  would clari fy 
the e f f e c t  o f  diagonal t en s i on on spl i c e s  a s  to whether or 
no t the s i z e  o f  the s l eeve s i n  some spl ic e s  preci p i tate 
addi t ional d iagonal tensi on crack s . 
3 .  A l imi ted numb er o f  s amp l e s  might very wel l b e  
s tudi ed using 5 , 000 p s i  concr e t e  par ti cularly where di agona l 
t en s ion may b e  cri t ical . 
4 .  In mo s t  s t ructur e s  the spl i c e s  under inve s ti ga t i o n  
would b e  sub j e c t  t o  l ong = t erm , s ta t i c , tens i l e  loads . The 
e f f e c t  o f  such l oad s s hould be i nv e s t i ga t ed wi th par t i cul ar 
5 6  
a t t enti on g iven to po s s ibl e cre ep and the e f f e c t  o f  such creep 
in the spl i c ing devi ces on the member as a who l e . The f ir s t  
part o f  any such inve s tiga t i on mi ght cons ider only the bar s 
( wi thout b e i ng imbedded in concrete such a s  Par t I o f  thi s 
s tudy ) when spl i ced in var i ous ways and sub j ec t  to long- t erm , 
s ta t i c ,  t ens i l e  load s . The s ec ond part o f  such a s tudy would 
i nvo lve the l ong = t erm s t at i c , l oading of fl exural member s 
when the reinforcement in such members wa s sp l i ced using 
var i ous spl i cing devi ce s . Onc e  aga i n  a correl a tion with 
conventiona l  lap spl i ce s  woul d be i ndi ca ted . 
5 .  A fatigue s tudy o f  reinfor c i ng bars when s p l i c ed 
wi th var i ou s  typ e s  o f  me chani cal sp l i ce s  i s  a l so requi red . 
The prime importance here , a s  in the ca s e  above under long ­
t erm s ta t i c  tens i l e  l oa d s , would be to det ermine t h e  amount 
o f  creep tha t mi ght b e  expe c ted i n  the s p l i c e  i t s el f when 
sub j e c ted to a fa tigue l oad ing . 
6 .  Due to the relat ively earl y fa i lure o f  the lap 
spl i c e s  in beams 2 and 3 of th i s  s tudy , it woul d cer tainl y  
b e  wel l t o  cons i der a n  inve s t i ga t i o n  o f  lap spl i c e s  in gen� 
era l wi th par t i cular empha s i s  on large diameter lap spli cing 
such a s  No . 9 ,  No . 1 0 , and No . 1 1  bar s  wi th s t i rrup s i n  the 
lap zone . 





depth o f  the r e c tangular s tres s bl o ck and defined a s  
A f 
__ s__,Y.._· , inch e s  . 
• 8 5 fc"'b 
cro s s - s e c t i onal area o f  the ten si l e  s te e l , i n2 . 
width o f  the t e s t  b eam , i nche s .  
l. s ymbo l  for center - l ine 
d e f fec tive dep th o f  the b eam mea sured from the ex-
tr eme compre s s ive fiber to the cen troid o f  the 
ten s i l e  s te e l , in . 
Ee modulus o f  ela s ti ci ty o f  the concr e t e , p s i . 
Es modulus o f  ela s t i c i ty o f  the r einforcing s t e e l , 
taken a s  b eing 29 , 000 , 000 p s i . 
f,{ uni t  compre s s ive concr e t e  s tr e s s  ba s ed on ul tima te 
s tr ength 6 TTxl 2 " cyl inders t e s ted on the s ame day 
a s  each beam te s t ,  p s i . 
f s uni t  ten s i l e  s tr e s s  in the r e inforcing s t e e l , p s i  
or k s i . 
I 
f sp 
= tens i l e  unit s tr ength o f  the concrete ba s ed on 
= 
6 11x1 z n  s pl i t  cyl inders t e s t ed on the s ame day a s  
each b eam te s t ,  p s i .  
uni t y i e ld s tr ength s tre s s  o f  the reinforcing s teel , 
p s i  or ksi . 
Mu ul tima te moment , ft . -ki p s  or in- lb s . 
n = 
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Figure No. A-3 
Splice Type Butt Weld 
Bot Siz-e J O  
Bar Yield Strength 40 ks.I ASTM. A- 1 5  
Date Tested Dec. 14 ,  1964 
U.OR.I. Project No. 1468 
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Figure No. A- <! 
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Date Tested Nov. 18, 1964 
UOR.I. Project No. 1468 
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Figure No. A-4 
Splice Type Butt Weld 
Bor Sit.e 10 �.rJ.\.""A
-
�3�ng1h 60 ks.I 
16 
t----+-----r-----+----r- -; . Date Tested Dec. 18, 1964 
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Figure No. A-7 
Splice Type Butt Weld 
Bar Siz.e l 4 S  
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Date Tested Dec. 14 , 1964 
U.OR.I. Project Na. 1468 
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Figure No. A-6 
Splice Type Butt Weld 
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Figure No. A-S 
Splice Type Exothermic No.. I 
Sor Size 9 
Bar Yield Streng! h 40 k.s.i 
AS.TM. A-15 
Date Tested Jan. 28, 1965 
U.OR.I. Project No. 1468 
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Figure No. A-1 1  
Splice Type Exothermic No. I 
Bor Size 9 �rl\•ld
A
.?){��t h  60 ks.i 
Date Tested Jon. 28, 1965 
U.OR.I. Project No. 1468 
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Figure No. A-to 
Splice Type Exothermic No. I 
Bar Size 9 
Bar Yield Strength 40 k.s.i 
A.S.T.M. A - 15 
Date Tested Jan. 2B41965 U.O.fU Project No. I 68 
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Figure No. A-12. 
Splice Type Exothermic No. l 
Bar Size 9 
Bar Yield Strength 60 ks.i 
A.S.T.M. A-432 
Dale Tested Jan. 28,1965 
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Figure No. A-15 
Splice Type Exothermic No. I 
Bor Siu 10 
�T'(\eldA-�/;'efl91h 40 ks.i 
Date Tested Jan. 29, 1965 
LI.OR.I. Project No. 1468 
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Figure No. A-15 
Splice Type Exothermic No. l 
Ber Size 10  �rJ.l.•ld
A
;;4'.!�gth 60 k.sJ 
Date Tested Jan. 28, 1965 
LI.OR.I. Project No. 1468 
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figure No. A-14 
Splice Type Exothermic No. I 
Bor Size 10 
B a r  Yield Strength 40 ks.i 
A.S.T.M. A- 1 5  
Date Tested Jan. 29, 1965 
U.O.R.I. Project No. 1468 
3 4 
Figure No. A-16 
Splice Type Exothermic No. I 
Bar Size 10 
B a r  Yield Strength 60 k.s.i 
A.S.T.M. A-432 
l)(lte Tested Jan 28,1965 
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Figure No. A-17 
Splice Type Exothermic No, I 
Bar Size 1 1  �Tll"�
-
f6renglh 40 k.si 
Dote Tested Dec. 4, 1964 
UOR.I. Project No. 1468 
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Figure No. A-19 
Splice Type E>!othermic No. I 
Bar Size 1 1  
Sor Yield Slrengt h 60 ks.I AS.TM. A-432 
Dote Tested Nov. 30, 1964 
UOR.I. Project No. 1468 
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Figure No. A-18 
Splice Type Exothermi¢ No. I 
Bar Size II 
Bar Yield Strenglh 40 ksJ 
A.S.T.M. A-15 
Dote Tesled Dec. 4, 1964 




Figure No. A·ZO 
Splic e  Type ExothermiC No. 1 
Bar Size 1 1  
Bar Yield Strength 60 k.s.i 
A.S.T.M. A-432 
Date Tested Nov. 30, 1964 
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Figure No. A-21 
Splfc:e Type Exothermic No. l 
Bor Siu 145 �TJ.l"'i-��fj'gth 40 ksJ 
Dote Tested Dec. to, 1964 
U.ORI. Project No. 1468 
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Figure No. A-23 
Splice Type Exolhennic No. I 
Bar Size 14$ 
Bar Yield Strength 60 ks.i 
AS.TM. A-432 
Dote Tested Dec, 2, 1964 
U.ORI. Project No. 1468 





Figure No. A-22 
Splice Type Exothermic No. I 
Bar Size 14S 
Bar Yield Strength 40 ksj 
A.S.T.M, A-408 
Dote Tested Dec.IO, t964 
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Figure No. A-24 
Splice Type Exothermic No. I 
Bar Size 14$ 
S o r  Yield Strength 60 ks.i 
AS.T.M. A-432 
Dote Tested Dec. 2, 1964 
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figure No. A-25 
Splice Type Exothermic No. 2 
Bar Size 9 
Bar Yield Strength 40 k.s.i 
AS.T .M. A-15 
Dote Tested Jon. 21,  1965 
U.OR.I .  Project No. 1468 
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3 Som les 
Figure No. A-27 
Splice Type Exothermic No. 2 
Bar Size 9 ll!TX\eld 
A �tri'/?t h 60 k$.i 
Date Tested Jon22 , 1965 
U.OfU Project No. 1468 
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Figure No. A-26 
Splice Type Exothermic No. 2 
Bar Size 9 
Bar Yield Strength 40 k.s.i 
A.S.T.M. A · l 5  
Date Tested Jan. 21,  1965 
U.0.R.I. Project No. 1468 
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Figure No. A· 28 
Splice Type Exothermic No. 2 
Bar Size 9 
Bor Yield Strength 60 k.s.i 
A.S.T.M. A·432 
Date Tested Jon. 2 2 ,  1965 
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Figure No. A- 29 
Splice Type Exothermic No. 2 
Bar Siz.e 10 iJ!T1l°ld
A
_:>/5•ruith 40 k.s.i 
Dote Tested Jan. 21, 1965 
UOR.I. Project No. 1468 
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Fiqure No. A-31 
Splice Type Exothermic No. 2 
Bar Siz.e 1 0  
Bar Yield Strength 60ksi AS.T.M. A-432 
Date Tested Jun2t, 1965 
U.OR.I . Project No. 1468 
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Figure No. A-30 
Splice Type Exo1hermic No. 2 
Bar Size 1 0  
Bar Yield Strength 40 k.s.i 
A.S.T.M. A- 15  
Dote Tested Jan. 21, t965 
U.0.R. f. Project No. 1468 
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Figure No. A· 3 2 
Splice Type Ex.othermic No. 2 
Bar Size 10 
Bar Yield Strength 60 ks.i 
A.S.T.M. A·432 
Date Tested Jan. 21 ,  1965 
U.0.R.I. Project No. 1468 
3 2 


















_g 20 "' <I> & 
iii 









/ /  I
0 2 
0 2 
4 6 8 
Strain ( in/in) x 10"4 
flgure No. A-33 
Splice Type Exothermic No. 2 
Bor Size I I  
Bar Yiel<I Strongth 4 0  k.sj 
AS.TM. A· 1 5  
Dote Tested Jon.22, 1965 
UO.R.I. Project No. 1468 
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Figure No. A-35 
Splice Type Exothermic No. 2 
Bor Size 1 1  �TJi•l�-S.:'S�1h s o  k.�i 
Date Tested Jon. 22, 1965 
UORI. Project No. 1468 
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Figure No. A-34 
SpNce Type Exothermic No. 2 
Bar Size II 
Bor Yield Strength 40 ksj 
A.S.T.M. A·IS 
Date Tested Jon 22, 1965 
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Figure No. A-36 
Splice Type Exothermic No. 2 
Bar Size I I  
Bor Yield Strength 60 k.s.i 
A.S.T.M. A-432 
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Figure No. A-37 
Splice Type Exothermic No. 2 
Bar Size 145 
Bor Yield Stre!)91h 40 k.s.i AS:TM. A-408 
Dote Tested Jon 22, 1965 
U.OR.I. Project No. 1468 
1 0  1 2  1 4  
__;; San s 
Figure No. A-38 
Splice Type Exothermic No. 2 
Bar Size 145  �:T�l'h
-
SJ3'!.l'9th 6 0  k.£i 
Date Tested Jon.25, 1965 
U.OR.l. Project No. 1468 




















EXOTHERMIC NO. 2 
BAR SIZE - l4S 
BAR YIELD STRENGTH .- 4-0KSI 
ASTM - A40B 
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Figure No. A-39 
Splice Type Exothermic No. 2 
Bar Size 14 5 
Sor Yield Strength 60 ks.i 
A.S.T.M. A·432 
Dote Tested Jan. 25, 1965 
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Figure No. A-40 
Splice Type Sleeve-Filler Metal 
Bor Size 9 
Bar Yi•ld Strength 40 k.s.I. 
ASIM. A-15 
Dole Tested Nov. 16, 1964 
VO.RI. Project No. 1468 
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Figure No. A-42. 
Splice Type Sleeve-Metal F'iller 
Bor Size 9 
Bor Yield Strenglli 60 k.sJ 
ASIM. A-432 
Dote Tested Nov. 18, 1964 
VO.RI. Project No. 1468 
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Figure No. A-4 1  
Splice Type Sleeve-Metal Filler 
Bar Size 9 
Bar Yield Strength 40 k.sJ 
A.S.T.M. A-15 
Date Tested Nov. 16, 1964 
U.0.R.I. Project No. 1468 
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Figure No. A-43 
Splice Type Sleeve- Metal Filler 
Bor Size 9 
5 
Bar Yield Strength 60 k.s.i 
A.S.T.M. A-432 
Dote Tested Nov. 18, 1964 
U.0.R.I. Project No. 1468 
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Fiqure No. A-44 
sPlice Type Sleeve .. Metot Filler 
Bar Size 10 
Bar Yield Strength 40 l<.s.i. 
ASJ.M. A-JS 
Dote Tested Nov. 2, 1964 
UO.R.t. Project No. 1468 
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3 Som es 
Figure No. A-4G 
Splice Type S!eeve-Meto1 Filler 
Bar Size 1 0  
Bar Yield Strength 60 k.s.i 
ASJ.M. A-432 
Date Tested No� 5,1964 
UO.R.I. Project No. 1468 
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Figure No A-45 
Splice Type Sleevr Metal Filter 
Bar Size 10 
Bor Yield Strength 40 ks.i 
A.S.T.M. A- JS 
Date Tested Nov. 2 , 1964 
U.O.R.I. Project No. 1468 
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Figure No A-4 7 
Splice Type Sleeve-Metal Fitler 
Bar Size 1 0  
Bar Yield Strength 6 0  l<.s.i 
A.S.T.M. A-4 3 2  
Date Tested Nov. 5,1964 
U.0.R.I. Project No. 1468 
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figure No. A·48 
Splice Type Sleeve-Metal Filler 
Bar Size I I  
Bar Yield Strength 40 ltsl 
ASIM. A - 1 5  
Date Tested Nov. 6, 1964 
UORI. Project No.  1468 
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Figure No, A-50 
Splice Type Sleeve - Metal Filler 
Bar Size 1 1  
Bar Yield Slrengtl! 6 0  ksj 
ASIM. A-432 
Oote Tested Nov. 1 1, 1964 
UORI. Project No. 1468 
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Figure No, A-49 
Splice Type Sleeve- Metal filler 
Bar Size IJ 
Bar Yield Strength 40 ks.i 
A.S.T.M. A-15 
Date Tested Nov. 6, 1964 
U.O.R.I. Project No. 1468 
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Figure No. A·51 
Splice Type Sleeve�Metol Filler 
Bar Size 1 1  
Bar Yield Strength 60 k.s.i 
A.S.T.M. A-432 
Dote Tested Nov. 1 1, 1964 
U.0.R.I. Project No. 1468 
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Figure No. A-52 
Splice Type Sieeve�Metol Filler 
Bar Size 145 
Bar Yield S1renglll 40 •.s.i. 
ASIM. A- 408 
Dote Tesled Oec.12 , 1964 
UOR.L Project No.  1468 
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Figure No. A-54 
Splice Type Sleeve�Metol Filler 
Bar Size !4S 
Ber Yield Strength 60 i<s.i 
ASIM. A-432 
Dote Tested Dec. 7 ,  1964 
UORI. Project No. 1468 
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Figure NC> A-53 
Splice Type Sleeve -Fil ler Metal 
Bar Sii:e 145  
Bar Yield Strength 4 0  ksj 
A.S.T.M. A-408 
Dote Tested Dec. 12, 1964 
U.0.RJ. Project No. 1468 
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Figure No. A-5 S 
Splice Type Sfeeve-Metal Filter 
Ber Size 145  
Bar Yield Strength 60 ksi 
A.S.T.M. A-432 
Dote Tested Dec. 7, 1964 
U.0.RJ. Project No. 146B 
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<J) $plice Type Epoxy No. I 
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Date Tested Jan. 29,  1965 
UC.RI. Project No. 1468 
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NOTE: 13.8 kip-I!. corresponds to 
max, live lood working moment 
per 1961 AASHO Specifications. 
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at t of span. 
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Gages 2 and 4 we re located on the 
continuing bar at the edge of the 
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Gages 2 and 4 were located on the 
continuing bar at the edge of the 
lop .z:one opposite fhe poi n t  of 
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FIGURE A-61. STEEL STRAINS AT APPROX. MIO-SPAN 
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BEAM NO. 3 (17 D LAP) 
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Gages I and 3 located on 
the bar rib on each side 
of the sleeve. 
Gage 2 is on the sleeve. 
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FIGURE A-62. STEEL STRAINS AT MID- SPAN 
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FIGURE A-63 STEEL STRAINS AT MIO-SPAN 
BEAM NO. 5 (SLEEVE WITH METAL FILLER) 
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FIGURE A-65. STRESS-STRAIN CURVE FOR NO. I I ,  AS T M  A-15, REINFORCING BAR 
USED FOR F L E XURAL TESTS . 
Ultimate stress = 8 2 . 9  k.s . i .  
U lt imate strain = . 2 58 in / in 
E l as tic 
M i l l  test  r esults 
Yie ld  point 50,852 p. s. i. 
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